J&T*ttfcV^ ftfUffiMft (CVDSO ^fflV^Tl* (Si) 



<b hz> r t «t v> # < o^ite (~io 7 cm- 2 ) ^^tpSiC^,^ e B B u*» 

:^T?tf, ilp D n S©SiCf gf B ^#5r tfitif 
A t LTffl^t, #^l?^A£fr5&&M<&U'-y--$fc#il3g£*L 

(Yu. M. Tairov and V. F. Tsvetkov, J. Crystal Growth, 
vol.52 (1981) pp. 146-150) . r <D & A U — ]) - & £ Jfl &\ 
SiC¥£A<Z>l$A^?& (6HM> 15RSL ) &t/^«, 

**!>TSRtf*£&*j»Lfc;&s?>, sicnL*£A 5 r £ 

^T't5„ 3^^E, »au-y-ftT?^iLfcSiC*tt*^P>Pg2 
(50mm) 3^ yf (75mm) (D S i Cl£ & A $ = ^ #J <0 tti 

So 

55¥. ^^iK^^^^^-r £ LT, D =i ^ (Si 

) ^^f^Aif ( GaAs) £ykmfttcw&&&^m4kifyvj» < 

GaN) tai^itoXV^ (Rutberg & Co., Gallium Nitride: A 
Material Opportunity (2001)) c GaNf^V ^ ©^S t fct oT 

5 w ©ISO-o i: L T-tWi h <0 \z y 7 7Si^ £ 5 
o t77^ri4, Jfcttft&?f &¥*£A £2t/£ lt«l&t # 3 ^ y 5/ 

GaNir <£> l& ^- £ $C M ^13. 8% £ * # V> % <75 

0.42W/cm • Kt/h$ V^fc % * tH^Bf ©ftiO^Tt S 

d s *>9, f" ^ t 7lliJ:!:||^ 5 GaNjii J^&y^-f * A 
«\ lj!)^#ttc7)^-t ; GaN^^(Dtt|g^^-^^^|$t±iL•rv^5 itt = 
VNtf>#£mT*fc 5 o ^rtt^^LT, SiC^,*tA &GaN£ (Dfe + fe 

^ 3. 3W / cm • Kir^#V>©T'^*PS6^tifi5<, t7 7 ^7| 



}C % S O lg £l 3Mfc ( 5 X10 3 Qcm£X±^ M £ L < it 1 Xl0 5 ficm 
W ± ) ^ ^ ^ pj ^ -e 5 o 

% 0 ^ #: #J H {2 % x. If , S. A. Reshanov et al. , Materials Sci 
ence Forum, vols.353~356 (2001) pp. 53~ 56 \Z &> Z> X 0 \Z. , fu 3zg 

<D%-mwu£hmiz%>\,^x , mnt & z> sicm m * \z & m -t i? 
v j±%>z>\^te^-f i? v (mitm, mitm, 30 ^-g-^;*^ 

gk^iiL 1$ £h ^ (D m ft X m b fotcftl ft t & ^> x ^ tc 0 

OfrmW- 9 - 500861 -§-^#Klte , £ ^ i^l^t/t^O^^ 
TilS0M«U, fcmj&&nj&frb pMfc^iktSitX, ^t-^A| 



fc**#Klf&I*l Lt aSiD-fS ©111 L^fiffiTfc 5 Jbte, 
A&fc*3 V^TSiCr^A H?il A1" 5 ^Hili^IKi, — /Sfc/SS 

A^f h^^^TJftjg^T^-fe^^— 7c5(f»^S:i%o©ttS* 

TilT?fc?) iv^i§ 0 ~<Dtc#), T 7 -fe 7° 7 — 5ci©^SCJ:o 
"CBWitS p^^jg*o-fe3Sc?^4r^^-e#*v>36^ § ^^ ii 7 ^ 
-fc 7° 7 - 5c m <0 ii SO &j)D JH «fc o T & A * s ffi «B * P t «3 . 

'J 7 A £>SiC^O S^PSJf- tt 3 ~ 5 xi0 17 /ciD 3 igT'fc (9 , 
^f^^AOi^l^i^^iiSi, (M. Bickerraann et al. , 
Materials Science Forum, vols.389~393 (2002) pp.l39~142) 

, ft 5»e a % t* e> n jg ^ * -r & *? a a <d m m » s n * t> <n> m 

— SiC#S£A <£> -f y T ^FM^M^ £ , & § fig * T{&V^ 

Xa^-^feh^yT'tSfefti^t^^TV^ M. E. 

Zvanut and V. V. Konovalov, Applied Physics Letters, Vol.80, 
No. 3, pp.410~412 (2002), B. Magnussen et al. , Materials Sc 
ience Forum, vols.389~393 (2002) pp.505~508) . L L , r 



± i£ U tz i o # ^ * & It & V^ T , ^t^niiDiaoTSiC 

m& <;<-i- w j±mm <'<■!- v i±®mmm ( 3 ~ 5 x 10 1 7 / cm 3 

Uftri* SiC**g,il©5|cM«*tt4&©*£W: 1 xio 17 /cn. 3 ^± t 
it -< T t v^c * <Ds<1- i? ■> J±m&(D&fc \z. X o T^S 

u fc sicm r H f 1- & v ^ * £ a $ @ ^ r & m *. z> m m t * mm 

£ % 5 f£ , $p ^ £f Isl ^ T ,/U ^ ~C 4 tj ~t~ 5 ^ S 

pt^ti^gt^otv^, m b » 3 ^ h ft m ^ *u t? h *> , * fc 
s p p o Sf o M & A * n b ti fa ^ A mmx* & o 0 

5 



xziz&r, ft & «t t) h it z >> a. ^ m <o -r v v a mp » t? & 

(1) *M^*^%£J£^ifc^T*lxi0 15 /c ra 3 W±^U 

o 

(2) tfrSB*M«^3ffi«b©*^* s 1 xi0 17 /cm 3 J^TT'fe§ (1 

(3) ftf IE ifcttflt^ #6 5 XlO ,6 /cm 3 gTTfc5 (1 

(4) MtB*tt«^tt*M- J: njg-c*>3 (1) ~ (3 

(5) mu<D^i-iy j*mm& 5 xio'Vcm^ir-fes cd 

( 6 ) Btf 15 <0 1- *J •> A jft £ ^ 1 x 10 1 5 / cm 3 U ± T* fe 5 ( 1 ) 

(7) mllEO^^v 5 ^ A»£tfS 1 xi0 16 yciD 3 ^J:T'fe5 (1) 

(8) mummm^mm t ttrn^-r & v a <Dmmm& 1 xio 17 / 

cm 3 aTT'fc5 (1) ~ (7) ©V>-f K^lJlSEttO^-fbS^^Sgft 

o 

(9) t&l5*M^^F^^ £ WIB^-t" *? A ©filiis 5 xio 16 / 

cmH^TT'fca (i) ~ (7) ©v>-r thfriz&,m<Dmte&mmu& 

o 

(10) ftJfE*M«^^^ t MI5^^ v 5 17 A Ojft^H* 5 1 XIO 16 / 

« 3 aTx-fc5 (i) ~ (7) <D^-?tifrizum<Dmikmm%-%$£k 

6 



(11) MtZfiHkmmi¥-U£k(D±tcZ># ]) ? J 3 c, 4H, X 
l46Hffc5 (1) ~ (10) <D V^■rtt^{C|5<fe^^^S^m^f B c 

(12) MtZmikMm's¥-1££k<D±tcZ> V ?4 4 Hf$)5 (1 

) ~ do) ovNTtb^{cfe^^^^s*m^^o 

d3) (i) ~ (12) <D^^fofr\z.mm<Dmikmm^fe&*toT. 

?ST'^mm^gfet^^ 5 X10 3 QcmJ^JiT-fc^^'fbS*^^^^ 

o 

(14) (1) ~ (12) ©^f tl^lcSi©^^Si#Mi^jDI 

o 

(15) tulSM^S^^^S a:^ # 3 C , 4H, XIJ6H©#- 
*H-f/i>^5 (13) (14) (cfS«^)^^S^#^r B a: 

(16) mm mitmm mugk v 4 h^^ — ^ y 7°^ <b 4 
5 (13) x« (14) izmMt&izHkmm&faik v 

(17) fufE? ^^<D P^^50mm^±T'feS (13) ~ (16) -f 

(18) tufa ? :^<D P *l;^100inmJ^JbT' & S (13) ~ (16) 

(19) (13) ~ (18) V N "f 2 it |E ^ O 'fb S ^ %n s% !^ ^ ^ N 

(20) d3) ~ (is) (D^ifthfr^um^mit&mwfe&v^^ 

, Xft, r tL <b (OM A i*H £ $ * T 5 ^ f * * > -v ? » 



BtfcmmMtitikom&tik'vkox . & mount \.xmitmmt^-r 

(22) mmm^wm* <om.m^mmm&2o P pmSATxhz> (21) 

(23) ftjfEJi#S±tf±£if ©a^f^Waft^lOppm^T-Cfc 5 (21) 



(24) Btl 15 H JBE^1.3Pa^TO^F?&tt^^#ffl^TT- 

m LfcH^tffi^T* fc -5 (21) ~ (23) <£> V> "f tt ^ IS <D M 4t S * 

*tt A©»36:frife. 

(25) f fc«flS3S3HSr^# i-rsm^^*^^5«Ufc^ 
1T\ JBE^jl. 3Pa^T©^Stt*^f i^T, ffl ^1400- 1800°C T* 

, 10^WW±, 120^M*»4Ri*-f-5m»*tfift©3W'fb«!!3aSrJ6U/t 
JBE^j ; Srl.3xi0 2 ~1.3xl0 4 Pa}cpSU/c^f?S-f4^^.#IS'M c t 3 ^ 



& H fp v it ift £ A £ K S L , 2000°C £A Jb K: *D K& U T J&» & *g A I* * 
SrBBtetS (21) ~ (23) <D vn -f ft iz IE ffi £ft ^ g * ¥ & A © 9! 
is ^ o 

(26) MfSM'fb^SOIE^ #1. SxiO-'Pa^TT'fc 5 (24) Xtt 
(25) HIEtO^ftaif ^i^It^S. 

(27) Mfe^^M;Sl^i±^^6.5xlO- 2 PaaTT*fc^ (24) Xtt 
(25) teIB*<B£Hfc&***&A<0»3Sr:fr&. 



A^t*»-«i-5 (24) ~ (27) 0>v^ftj&>t;:!B«c©£Mk3£&lti&A 
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o h ft z> £mc 'p ft v n * (o s< -r i? $ a t* n m, Vi m it & m m l T V n 3 0 

r k \Z £ ^> X h fa b £ frtc h ?> X* h Z> tm 7LhfoZ> 0 ^cDlfeM, ^ 

jfer^M t ft o tv^fc^t^ ^ a nij «n j: ^^as^>©^^ t 5g 
n p° 0 sc o ^Mb £ 3§ -r s ^ t ft < , m m ft m \t * m $l -r s r t # pj 
t^^fto^o ^ tb t m m , itwtf L^si^#5Sic#s B B a 
(DMrnumity * ^ * t u ft Mit^^ h <d * 

b tf¥-Z&X~lfj£-t- Z>m frhf-MZtiZ i «9 & -5 36* ^ t 

ftteSUft<$m^# b;ftTV^ *t£&5 0 ft*5, ^:^P^tt, tu3i!!OS 

t&#:m<D%>mmm^ x ^xmizztiz h<Dxft^^^ a 

m ® ffi m ft m w 
mi ft. *^0jc7)Mf B ^Mit-r5o^ffiv>ycmMr H Mit^«o- 

m 2 ft, P f^lOOmmCOSiC^.^^ ^3i^c7>^^ffj5:S?f^i"lll®Tfe 

So 

/cm 3 J^T, $ "b 5 X10 16 /cm 3 ^T t -tZ ^ t 

J* <D M §t <£> T $k {W. ft . 5 X10 14 /cm 3 ^Jb, HKlil XI 

9 



5, i B lt©*li^l$ife©If^ 1 X10 I7 /cm 3 ^OiJ^, tL 
<tt, £ A 5 X10 14 /cm 3 fcfflfc ftV>4&£-|* % 

(ft ^ te i ^ ^ ^ >> A o« ^ 56* 3&s ^ tt * *t flt-T S * X? S -f , 

1 xio'VchiH^T, St L< tt5 xiO I6 /cm 3 ^T, £ b 
}c:M^U<{*1 xio 16 /cm 3 ^T i: 5 r £ £ >9 > ^ttft^M^ 

i^it^'t^nt as* finite a* x x> fitic * # t> , S6*«jfcsic 

&&&& p 5 it^f ^tt, «B5d^»T^5-^A^c 

*Mi&'tz><Dtemm-e3bz 0 *&wizte\,^x i*. & m m * p m k & 

^t5^g(4^<, ^ §H <£ SSfli, n^SiC3e*iHJSffli-5 

5 fc * , Si cm *g dl V =f y h £ # $ A <£> #r ffi ri s * 

el p B n If £ iti < & o r h ifi ft 5 e 

10 



3 Q cmj^J:, m $. L < it 1 X10 5 Q cb^±©K ffift^ ^x^ifSI 

ttTV^ 3 C, 4H, 6 H (D\,^-ftl<Dtf ]) ? 4 7° T* hWLi£»SmT* h 

ft ft £ 3d iS A rt s # 4H^U / fc^^^aflf SrlffltS©^ 
Sfcif«)t'fc5. £/c, f^^Ht©fl;ffl5r%it5h Si 

c#gii)x^ii3c, 4H, 6 H©v^f n^©^- ^y^-r7°i? 

© J: 5 * $ * ^ £ "f 5 # <£> SiCm^ A -f h £ LT 

\ << is =f y h <a £ 3 # y * ^ ^ & ffii & o # ij * :r © i"n a> £ 

tt, K — ^ h it^£>® % < & 19 ^ *q*£cDSicm 

mJ^ Jb © & # Hi -X * ft ^J* *S # b tt S o * 3§ IS © SiCm *£ fa * ^ tt 
, S^t il V^SfH p b bK t If L T © t\ Uf^JQjK 

&©iSv>x'-W:*^0>ig/Bri s ^JtfeT?*>5o * 18 9§ *7 ^ ± CVD& 
*f fc: £ «9 SiCm*S ASiJUISr^J* LT^fi ^->t^^x 

^yu^ai^tt. Sffii: ft5SiC? * ^ Oig A t!fe ri s & # ft *!> , |ti 

ft 5 o 

11 



, sicfa&cDttmtt^mwx'&z^m^i&m&mm: t ft5„ 

# ib « % ass-c^s ufcsiCJjiis*oa3eA5fi»t?«0ffw 

fc&at as # ft ^ v> ^ i: g ^oj^a^i^tfco 

UTm«B**5>*SitiiR*»fc«^i-5a[*©SiC#lS 
a*S ft ^ tt ffl i" 5 * * i o T *56 M © SiC¥ *g A «r »ig 

^50ppm^T, 3 * U < t*20ppm^T, $ <b W. $. U < tt lOppm^ T 

SiCmJgft ©*4*«^*B4*aS SrffiT $ "^5 

i&&1400t:S*i:fc:iOH#mj#±, 120l*M*»«J#-r5«'fk«!!aSra 

EE;fr tel. 3Pa£AT, a* U < ttl.axiO^Pa^T. ^CltKli 
6. 5xiO' 2 PaJ^T £ i~5 . *&S J$ RB JL RB tt ft jft* % *Q. 3 JBE # 1 . 3 

A X* 7*" * y y hi^tS, ^IjS^^oV'T ^ 43H^ _h PJ! f3 ft V ^ , 
*Q ! JSag#3000 , C.EA_t i: ft 5 £ , tB>mmW<OWI tK&O MVf%&# & 
V U% L < ft vn 0 
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is. It, JLISO «fc ? ft&;31 £ , SiCMiUj&S 7° n ± X <D qa t^Jlfi^ai 

, ^?&t£;*f *#H^<£>JE;ft Sri. 3PaJiAT, M * L < fit 1 . 3 x 10' 1 ?aU 
T> $ b leg* L < \Z6. 5xiO" 2 PaJ^T t U N 1400°C^±, 1800°C 

^T^ta^T*ioB#ra^±, 1201$ z> r ^ -e, n^ttm 

(Dmitmrn ? . ff^^i.3Patr^^5 t si* -fk to a *s 

^ $ W x. /<f v ^ 0 j&ii&g^ i400°C WTt'^ti t) *fi -fk to 31 *5 26 
J£ W fr r , — *\ 1800°C 5 £ , fcHktoS f tcMA^S # 

Kite** tit^Sl^il ITL|V\ ?l#^< SiC^^f B ^*y n 

-t * T? e m» * jfc* a* ^ a # ft v<» . 

if^S.t5 *1.3X10 2 ~1. 3xi0 4 Pa^p^ 2 0 0 0 *C £*_h fc: f& 
tt^**V>*s % 3000°CJ^_h £ ft 5 iflJS**«OW^tt<J5j^T?fBjB*s 

iiTLtLj?, &m&<Dttii®&j;m.Tfcmm uft 5 

So 

(MMM 1 , Jfc«0!l 1 ~ 3 ) 

1 £tf Jfc«0|| 1 ~ 3 fit. Ell <£, 2 ii£ ( II/&*ilM£;B^TM5£ 

13 



Lfc 0 fglHt, Pfl50mmO (0001) E^|lfc4H|-^!J 

m m * <d w * m m & o. 042% t & 5 * * s ^ u & 0 j* «0y 2 & t* 3 

ICOl^Ttt, # ^ £f £ L T TtJ IS CO SiCJg fa ^ <D & £ % i% U tz 0 

^v^T^ m** tt%m istcwm 3 &mm ^tcmmmm 4 -r- 

5 Ortf|3^1.0xl0- 4 Pa*^^ T'X^#m Ufc^. 

T'fe § 1600°C * T*±tf /c 0 rc^l^, ^^^ff <D |*)£|$EE7J — Uffftjcl. 
3PaJ^Ji{C_b# Lfc^ x ft % L £ £ . ^^WcOrt^JE^J^ 

fit J: 9 {£Wit^*t}$ £ ^t^ 0 

it^OM-fb^S^if^T^, fl^if^i: ltHg99. 9999% WJb 

xi0 3 Patcift*>/i*s i SlififtT* 5 2400°C * T* 

ffittl4. 5~15. 5t/cinT, £fc:5: & ft it $J 0. 8~ 0. 9mm/B# T? o 0 

14 



m h ixfcftft© P ^«^j52mmT^ ft $ £ J£ #j 1 ft £ # 16mm, it 
& #J 3 © ft A *S 17mma & T* o fc , 

If A / nt7(IJ;oTifiM^ffo]fc 0 * <0 F*3 JgU* & 

Mft99. 9999%^ ±©ffittflEAr^f^ ^ 5$ W F*l J£ £ j&ft 

j±7J T? fc 5 1. 3xi0 3 Pafc^ *> tfS „ 17 — ^ 3^;i/8Cli^it 

Wtttfro r <Dm<Di#W <©ia^43iBttl4. 5—15. 5°C/cmt\ ^ftjg 
ft $J 0. 8~ 0. 9mm/ 0$ T? & o „ #^tvfcMAOP^fi ft 52mm T , 
ft $ fit Jt «0>J 1 <D ft A ^ 16mm, it 2 <D ft A # I8 mra :g ft T? o 

o 

» b ftfcSiCmft A 0##r o T , Mi 4b & 3 £t*to fcl^ttf 

^©^Sf »ftffl"J^ £r*T o fc 0 £i\ ftA/$£ f-^ffi-r 5 to £ |p}**ff 

, pi v> % Ht^^ife^d i ^t>*j:b^^i 3 t mm<D, 

?&ftl600°C, EE 731. 0xi0' 1 Pa^TT?48^raift«F"t- -5 fcfiffctoS £ 
rtTtt-fbAQ.aift01t*^fea[S#&5iniD % ft $ 10mm(7)K^>T- £ #D I L 

fcftMftte Lfc 0 An3&i&ij& £}$£p Ifci, S"J ^ $g S O :bo >ft 
V^fc«ifctf-£ % M f£ Hit L-^V^^cS"CiDl^±tijSrt^ 
#tb$-tir, ±t^P^lP5^2500 o C^±c7?ft^^tjT30#W^^ Lfc 0 r 
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<d ^ m t* k & h & 1- s s m & ^ v v a * * y r^^taot 

T« i>J ^ £ ?T o Tit ^ % tll^ft $J 59ppm-C fco/c. 

r 5 ut# btitzmmm 1 si/Jt^^y 1 ~ 3 ©sicmsii &xm 
ifes^y ^^f /dM H -e 5 sicm^iH ufcc ^ £fiif&-? 

fl^fyrfy h^5>I$ 1m, n ^51mmtf> £ oi £ 3 tfcfE§![ U fc 0 £ 
x^OB^fiS (0001) Iv^t^ /^A^ll <D JblflK * £fl 

^ h V ^J&® * -e^SggtT*. 12mm, 8 mm. 4 mm) ^ (O s< ± i? 
V AUg t ^m<%}^& & , 2 *lsW*ftVr& (Secondary Ion 

Mass Spectrometry, SIMS) $:ffl^TlSLfe 0 R. G. Wilson et a 
1. , Secondary Ion Mass Spectrometry: A Practical Handbook Fo 
r Depth Profiling And Bulk Impurity Analysis ( 1 989 ) {CI «£ tb te* 

5 o # * W fc. & ^ T £ ft \Z m U L fc & V# 4Ff & *T V^ , -J" ^ £ 
A O^IJ^TPS tt 5 Xl0 H /cm 3 *lT'feofe 0 # £ a: ^ (D & ffl. Jg 
^ ttVan der Pauwj£ K <£ 9 P ^< 0 ^Jb<^^^ffC«3;»9 % ^ 1 ~~ 4 

nmm 1 (^i) a 1.65-2.24x10 

1 6 /cm 3 T'fcSo Kt-7cit-^5f it'fe^) 

^ *Qf 3S ^ «t 9 , Jfc « #J 1 ^ Jt « #1 3 £ It « L T , ^1^4 Is d y h T 
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ft„ ;<-r <> ^mmiz, m^<o^mm^mm^m x *> hi&< , 3.99 

x 10 1 5 ~3. 87 x 10 1 6 /cm 3 T» $> 5 o <4 V =f y h ^itv^f i/ ;) A© 

fg£t^ «10 10 Q cmi^-h t ftV^„ 

Jfctfcfll l (^2) ft, £ {£13? 1*1 C^-^-v? £ A ^^Irjtoig 

j^4^SI^^Siasv^ 0 *£ £ # # tt^fifT *> «3 , **«^f««il: 
i5€ittnf Tfc5„ m iz y( ^ =f v Y T SB O J& A #3 93 © ijB *K X' % 

Tix io° o. cn^m t 4s^ 0 

ttKfll 2 ( « 3 ) »4 , #iJT^(CA-ti?-> A?r^^ t^^ofc^ 

fflrt-C&5*S, * A tfSSSflD $ tit V^<£ SJrC^ttlX 

10 3 & cm*«l? t) , JfcJ&fll 1 iZ. it -< 5 £ ft l^tft^T'te & -5 t> <£> 
© s If 3fc £ 3x <5 ft V ^ {3: 3§ o T v ^ v ^ 0 

fc5^*G«&-C&5£3lS<0ift&tfW>'=*s' h £ #\ # T £B T- ft V> 0 
1 X10° Q cm*l £ {&V^ 0 
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& l * #'J l 











Jb«B 


1. 65 X 10 1 6 atom/cm 3 


3. 99xl0 15 /cm 3 


3. 21 x 10 1 1 Q era 




2. 58 X 10 1 6 atom/cm 3 


8. 07xi0 15 /cm 3 


3. 59X 10 1 1 Q cm 




3. 24 X 10 1 6 atora/cm 3 


1. 87xl0 16 /cm 3 


1. 19x 10 1 0 Q era 



*2 Jfcffcflll 









m. m. m. & m 


Jt*B 


5. 95 X 10 1 7 atom/cm 3 


3. 80X 10 1 Vera 3 


9. 54 X 10" 1 Q cm 




7. 22 X 10 1 7 atom/cm 3 


8. 06xi0 15 /cm 3 


1. 10 X 10" 1 Q cm 




2. 40 X 10 1 8 atom/cm 3 


9. 97X10 1 Vera 3 


4. 36 X 10" 2 Q cm 



3 itmm2 











JblFB 


1. 24 X 10 1 6 atom/cm 3 


5. OxiO H /cm 3 *l 


5. 72 X 10 2 Q cm 




2. 19X 10 1 6 atom/cra 3 


5.0Xl0 14 /cm 3 *l 


3. 58 X 10 2 Qcm 


T pB 


2. 73 X 10 1 6 atom/cm 3 


5.0XlO H /cm 3 *l 


2. 17X10 2 Qcm 



3*4 Jfcig£#!j3 







s< -r i? v a m m 


m m. m, m. m 




5. 75 X 10 1 7 atom/cm 3 


5. 0X10 14 /cm 3 7|cV^ 


1. 02X10" 1 Qcm 




6. 83 X 10 1 7 atom/cm 3 


5. 0Xl0 14 /cm 3 *^ 


5. 78X 10" 1 Q cm 




2. 46xi0 18 atom/cm 3 


5. OxiO H /cm 3 *i 


4. 24X10" 2 Qcm 



(mmm 2 > 

x;i- h 7T'tIUT-i^^f 5©rt^ll|^iL, ^ W <0 I*) £ 
1.0xiO- 4 Pa*lJT'I^^IL/ct, h V - 

* = -r ^ 8 k m m & m u , n ft ±tr ^ t £ © ts. s £ 25oo°c * -v ± \f tc 
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o 

JIS A 1 t LT, n^50mrotf> (0001) B?rWUfci6H^-#!J^ 
©SiCj»ft»* ^ £ J*4k&to<om i &V9 : k8-mm'& 2 t LTl 

# JN- * © sc * m m & o. 032% t K z> * & tik u & . mn&izm 

JC^S^Ufe^s #BS99.9999%£Jl±©ffl*fiSAr^f^ SrJIEA 5 
^^ftJE^ $r^*JE^j T'fc S1.3Xl0 3 Pa{C^*> ft h s V — 2 ^4 
}V 8 ItMffi&ffi ||»*tt^i&&&2400 , C£-C_h|?.$*;fe: o ^©t 
% ^20^raj*S*iK»tfe. r ©85(0 ttfJiBl^Oia S^J SB 14. 5—15.5 
°C/cint\ j£fi5£ 8mm/H#-e o 0 # tb A <D P ^ 

fi^52mmT' > ffi $ f* 1 6mmH # T* fe o o 

H M m 1 i: lR]^lco^'fe"trffv > ' > g & & K* m 7 ppml? & o ft o 

r 5 LT#b;ftfc^fcgilf¥£tiilfc:ov^, X [S #r & l>* 7 s 

1ft ft fc. X 9 ftVfVtc t r. £ , ±/c5 3K!) N/^6HT*fe§ SiC^ 

ftfi^J^ftLfer iSr«BTtfc. ^fi^A©±$P, *<fB, TtB ( 
^ -t* 3fe A ©J^S5B*feffi**b©fii filths 12mm, 8 mm, 4 mm) K 

n^-tZ (0001) Si^t^ FWB^fi^tt^^x^^Sft^It 

, mmm i kmm<Dftffi&ftott 0 sm&^sfc 
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s SIHT, *ii?a^Igii9. 76X10 15 ~3. 01 xi0 16 /cm 3 
£ T'i&T LT 5 0 — ^ jfi © J&#t ^ & 1 X 10 1 0 Q cmU ± b ^ 0 













9. 76 X10 1 5 atom/cm 3 


4. 75X 10 1 Vera 3 


4. 12X10 12 Qcm 




1.26X10 16 atom/cm 3 


8. 92Xl0 15 /cra 3 


6. 60X 10 1 1 Q. cm 




3. 01 X 10 1 6 atom/cm 3 


1. 97xi0 16 /cm 3 


4. 74X 10 1 0 Q cm 



(HJfe0fl3) 

Jfcfc , P ^100m m ^JbO^^PjOSiCm*tS £ Ifc 

PJ-TSo ^Jfe^lJ 3 (doV" k "C^> > HI 1 Oii^Igf^ffl^tii L 
fc„ S*£ifl 1 iLT, P glOOmmtf) (0001) B^|Lfe4Hl-^ 

t ;<-r *? a it: % m <d m & m * % m u tz „ -r *j y a it & m « , 

-^v 5 ? AHfiSf, *S5IR^'1'©«**ar*so.042% 

&V>-C, DS3N-*5te* bfcitfifc 3 & % ® ft £ # L 7c |£ 

<£> _b fc: ^ ii: , -15^1 5 <7} rtSPfcKB IR»±ltift<D*&<ffc*Q!Jl& 
^ tp*S & /&* ^ n -fe * T? A £ *t o „ (Dfomfe}k<Dm , 0 X* 

ST, 5 ©rtSBfcl. 0X 10- 4 Pa* MS T|$|^ L/c^, 

j* ^ & £ & # & # e> ? — * =i ^ ju 8 izn,ffi,&m.L. m$i#mffi.& 

«Ttt-fk«!f31fflAT*> 5 1600°C 4 T-Jbtffc, ^ 2* f <£> F*) SB JE 

^3^ — B#ftlci.3Pa£*_h f£ Ji# Lfc#, fit ?r^^Lfcf ^ 
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as je ^> » tu 5$ fis x y &^®.&m&£ hit. i#ifo(DMfcmm&mi' 

'&s #fflM#* t LT#fi£99.9999%£AJb©ift*fi£Ar;tf * £ , SB* 
9 ^^LTAr#^fflv77 h d — ^ 10T* flpj $1 L ft & b ffi, A 

£ -tir, ^m'gftfet) £i&*j±;>j -Cfc 5 1. 3xi0 3 Pafc# *> * *s , H 
fn v ±tfi«^£ S lait'fe 5 2400°C •£ T?_h# $ it, Z<D&m20tifffl 
J$&&mi-ttc 0 Z <Dm <Di#i(kfr<DU m*)®Ztel4. 5~ 15. 5°C/cmt\ 
^ * 5S S « $J 0. 8~ 0. 9mm/ B# T* o fc 0 II ^ tbfcg| H © P g ii|M0 
4mmT% ft £ ii 15mm3£ 1? &> o 7c „ 

8 ppm~C fcofe, 

^AtfS/dcS Lfc r £-«r?*»T*# fc 0 6fc * Hi A tf> _t gp, TM ( 

^H^ffbm^ ft^Mi^I^ bOSg@fC> 12mm, 8 mm, 4 mm) }C 
+g^-r§ (0001) Iv^t^ ^I*fi^tt5^x^^3ftfflL 

4 ,&<D W- 5 ^toVNt^Kflrfto fc 0 SB tf> # #f m £ , Ji'ibo 
£r % ^ 6 lz yjk -f- 0 

MM&\ 3 ( ^ 6 ) <Oj£A<0£fc^tt%W:£*Tfc!>, ^ 4ft & * 

< ft 5 fc#>, #Hb*Q.g£ U*V>Jtia-ett|§^i-5^3fe©**Si|9JDl- 
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SPT*8. 97X10 15 ~3. 54Xl0 16 /cm 3 t {£ V MS 5 o 



6 HJ£#'J 3 













* £SB 


1. 76 X 10 16 atom/cm 3 


4. 02 x 10 15 /cm 3 


3. HX10 n Qcm 




8. 63 X 10 15 atom/cm 3 


3. 43 X lO'Vcm 3 


7.00xl0 9 Qcm 


f SB 




2. 52 X 10 16 atom/cm 3 


8. 22xl0 ,5 /cm 3 


4.2lXlO n Qcm 




4. 14 X 10 I5 atom/cm 3 


2. SOxlO'Vcm 3 


8. 50 X 10 10 Qcm 






3. 54 X 10 16 atom/cm 3 


1.94xlO I6 /cm 3 


1.24xl0 10 Qcm 




3. 33 X 10 15 atom/cm 3 


3. 60x10 15 /cd. 3 


1. 10X10 9 Qcm 



(mmm 4 ) 

hi!), (0001) ffi frt> < 11 -20>JjfaiZ 4 7 (DmJjtiL Zft-f 

3, 100mm, f $360/im©t®!) x/N^^Itfc. r CD @| ® ? 

*ris jlsmm<Dj&g:0ki*te. /&ft?£^1500°C, v- 7 > (SiH 4 ) , 7° 
(C3H3) , 7k* (H 2 ) ©«E***, -t tt^H5. Ox 10' 9 m 3 /s 
ec, 3.3xi0" s m 3 /sec, 5. Ox 10" 5 m 3 /secT' o fc B ^AJBE^tt 
* MJE t L fc o Jifcfi W tt 2 1$ ffl T , ^5 MmOlIil^f Lfc, 
r 5 b T # b H 7c t° * * ^ & , / A- ^ ^ * * - % 

i(at)llLfcU5, •> ^ ^ £ ® {c ^ o T t* y N#^^®^P<& 

9 * is \ ^mfgfcMj&Ztifr r t ASflfcR-e # /c 0 

(H««l 5 ) 

>=?yh£V, (0001) ffi * h ©ffi^t^Wt 5 , P^lOOmm 
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it, v *? i*mm*Gm&m<k^%m]$.$:m (mocvdso k 

/&ft*&^1050°C, (TMG) , T^^-T (NH 3 ) 

, i/yls (SiH 4 ) <£>»fc4^, ^ tl *r tb54 x 10" 6 * yu/nin % 4L/ro 
in, 22X10" 1 1 ^-A/roinT'fc o fc 0 BE # * fS. JE £ L „ 60# 

M©flJtfit3i £ 9 , n mm.iktf V V J**m 3 ju m©If li^I $ -fr 

3^^:. it^^y xteitmm 2 t 3 <om.fr ^fs^s <t x> h 



* 7 $b%:<ottm 



& 9 A * * 


1. OX 10 I5 atoms/cm 3 J^± , 


5. OX 10 14 atoms/cm 3 *^ 


1.0X10 ,7 atoms/cm 3 £jlT 


*&wnmm 1 

^»^gta^>lxl0 10 Qcm 


#«}£ia*<lxl0 3 Qcm 


1. OX 10 17 atoms/cm 3 £l± 


#«Jg#L^<lxiO°Qcm 


itmm 3 

#8H&tt*<lxi0 0 Qcni 
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it <o m m 

1 KSE4ife<E>£Mfc&*¥J!£iPao 

3 . ffilB*««^«4feO»ft*s 5 xi0 16 /cra 3 ^T-e^§|f^^ 

5 . WtT 15 © ^ ^ * A ft £ # 5 x 10 1 4 / cm 3 ± -v h Z> If sfc ^ 1 
«B 4ft ©£)Mfc3£ 

6 . ftJ IE <0 y< i~ is V A ft m. & 1 x 10 1 5 / cm 3 ^ _b tr h 5 It * ^ 1 

k 15 nt © m \t m m m m a . 

7 . fu IS <£> ^ * A » S ^ 1 X 10 1 6 / cm 3 £A ± t? 5 If * 3® 1 

m is « © « it m m * A o 

8 . fflf5*M«^^^l £ MIS'*"*- £ A ©SgiiS 1 Xl0 17 /cm 
3 ^TT'fc5if #91 1 ~ 7 ©V^ ft>Mi:faifc©£Hb3£*¥*£A. 

9 . mt^^mm^fmm t ma*-*- & $ a©»sh* s 5 xio i6 / cm 

3 T T? 5 IS * ^ 1 ~ 7 © 1*H a> »c E4ft <0&*fc & * ¥11* * . 

10. W1B*ttflt*tt4fe £ ffilE'<^$* £ A©ft£S&# l xio 16 /cm 

11. tulS^^S^m^Bl ©£fc 5 sK y * >f 7fr 3 C , 4H, xtt 
6HT'fc^S*9l -10© V^-f iXJ&>fc:fB4a©0Hk3i *¥JfeA. 

12. HfE^ftSi¥^f H ©±fc5jK!) ^^/^4HTfe5H*^ 
1 ~10©V^-fn^(cf5ife©^'ft:S^^^BBc 

13. 1 ~12©^-f ft*Mi:3B4fe©#Mfc3g*¥*gA£API* w 
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m t T m h ti 5 m it m m m m A ? ^ ^ t & o x , f£ £ * ^ © ^ r£ t? 

14. fll&gt 1 ~l2©v^*ta 5 {-fe«i©^fcgfif ¥#£A ^ioi, $F 

©t^ift*^i xio 5 q ciKi-c* zm4tmmi¥.i&& $ 

15. ffjffi^jb^mm^^ £ 31 3 C , 4H, Xii6H©f-# 

16. tftfB£fcg*¥*£A ^x^^4H©|-«!) ^^^^e>45 
»jft«13Xttl4K:lB«fe©£*Mbg*¥je A ^xa c 

17. fulfil 31^ O P f£^50rom^±T' & 3 ff;£^13~16© l^-f*l>/^ 

lwlB*ft©#Htg*J£j!i£A ? 3Z^ 0 

18. buIB ? i/n© P ^tfS i00mm.gA ±T? 5 ff * ^ 13~ 16© -f n 

19. !»^^ 13-18© tb^^fSttO^jbSSim^A •> 3.^©* 

20. tt#:5li3~l8©v^jh,^teE*J©&fls&*i*tt A ? 3^n©3? 

it, r P> © «1 A 5» SI $ T * 5 31 f ^ ^ ^ ^ * „ 

21. i^i^1lfflt5#iS^| H Sia 9¥*SA 5^ 

IB«l©«<fcS*¥j|*A©»jt^«fe. 

23. fflrie At tti&ifl * ^ti^^ll^ioppm^TT- *> s if *^2i 
E«<B£Hfc&*¥iKA<0»ife2rife. 
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24. mmm$&t#i&tf > J3E^il.3PaaT^^fe'l4^^#ISMTT'. 
Ltcmmi#i$T°h Z> If ^^21~230 V^-f J- IB *c tf> S * ^ 

25. mtsJt^^ {c^^s^^r^^ t -t z mnn*&ft& vtcytm 

T% J±^1.3PaWT<^^tt#*#ig^T, ifi ^ 1400- 1800°C T* , 1 
mt) ^1. 3X10 2 ~1. 3xi0 4 PatcpS Ufc^F^tt^^^ffl^^ icf^a 

$£wt® t 2ooo o cj^±{cadm lt^ ^^^^s^ii 

M^5ft^^21~23cOV^i 2 ix^(cfBife<7)^^bS^^MSC»M]ig^-?fe 

o 

26. tulBMte^S^JE^riU.SxiO^Pa^T^fc 5 ft* ^24 X {3 2 

27 . ttj IE m it m m <d j± t> & 6. 5 x 10- 2 p a ^ r x* & 5 w * ^243*. « 2 

28. mit<&m&. Mt£mmwt&&±m.Tizmmi- z r t * < &a 

/&* f-tti-& f»#:gf 24-27 <D^-f^/^ ^ IE *fe tf> #Hfc S lit 3i (Pa CD M 

i& £fe o 
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Fig.1 




Fig.2 



